Objectives: To evaluate area-and gender-related differences in the soft tissue thickness of potential areas for installing miniscrews in the buccal-attached gingiva and the palatal masticatory mucosa.
INTRODUCTION
Use of orthodontic miniscrews (OMSs; also known as micro-or mini-implants) to reinforce orthodontic ana Associate Professor, Department of Orthodontics, College of Dentistry, Kangnung National University, Kangnung, Kangwondo, Republic of Korea. chorage and decrease the need for patient compliance has increased dramatically. In addition, these devices occasionally permit orthodontic treatments previously thought to be difficult or impossible without surgery. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] The stability of an OMS depends on the site of implantation, the angulation of the OMS to bone, the quality and quantity of the cortical bone, the insertion and removal torque, the degree of the bone-OMS contact, the degree of inflammation of the peri-OMS tissue, the thickness and mobility of the soft tissue, the craniofacial morphology, and the screw dimensions. [11] [12] [13] [14] [15] [16] [17] For the soft-tissue component of stability, risk of failure for OMS surrounded by nonkeratinized mucosa has been reported to be higher than that for OMS surrounded by keratinized mucosa. 13 Therefore, in the buccal side of the alveolus, the OMS has usually been placed in the interdental areas of the attached gingiva (AG) just adjacent to the mucogingival junction of the upper and lower arches. In the palate, the whole area of the palatal masticatory mucosa (PMM) is made up of the keratinized tissue in which the OMS can be re- liably installed. However, the PMM is known to be at least two to three times thicker than the AG on the buccal side, 18 and different areas of the buccal AG have different soft-tissue thicknesses. Therefore, the soft tissue in the candidate areas for OMS installation might be one of the important factors of successful implantation.
If OMSs with the same length are used in areas with different thicknesses of soft tissue, the length of OMS inserted in the bone is different. Therefore, the softtissue thickness of the oral mucosa must be measured before OMS installation.
Three methods are currently used to measure the soft-tissue thickness of the oral mucosa. One is direct measurement using a needle or periodontal probe with an endodontic file stopper under local anesthesia. 19 The second is indirect measurement using computed tomography, which is expensive, involves radiation exposure and has limited resolution due to slice thickness. 20, 21 Finally, there is direct measurement using an ultrasonic device such as an ultrasonic gingival-thickness meter (SDM, KRUPP Corporation, Essen, Germany; Figure 1 ), which has excellent convenience, repeatability, reliability, and accuracy. [22] [23] [24] [25] [26] [27] [28] [29] The SDM ultrasonic gingival-thickness meter works by measuring the time between when an ultrasonic wave is emitted and when it has passed through the oral mucosa and is reflected back from the bone surface. The meter's monitor displays the soft-tissue thickness.
The purpose of this study was to evaluate area-and gender-related differences in the soft-tissue thickness of the candidate areas for installing OMS in the buccal AG and the PMM with direct intraoral measurement using an ultrasonic device.
MATERIALS AND METHODS
The sample consisted of 61 Korean young adults (28 men and 33 women; mean age ϭ 25.3 years; age range ϭ ϳ19 to 35 years old) who had not had orthodontic or prosthodontic treatment or tooth extraction (except the third molars). Patients did not have gingival swelling, destructive periodontal disease, or severe crowding and ectopically positioned teeth, and they had not taken medications that affect the periodontal tissue, such as cyclosporin A, a calcium channel blocker, or phenytoin.
Soft-tissue thickness was measured at the interdental areas of the buccal AG just adjacent to the mucogingival junction of the upper and lower arch and at the level of 4 mm and 8 mm below the gingival crest in the PMM, respectively (Figure 2 ). Measurements at 4 and 8 mm below the gingival crest in the PMM were chosen because (1) 4 mm was easy to mark as the diameter of the sensor was 3 mm, (2) 4 mm was near the trifurcation area, and (3) 8 mm was almost half of the upper first molar root from the lateral cephalogram tracing. These areas were marked with an indelible pencil (Albrecht Durer, Faber-Castell, Nurnberg, Germany). Soft tissue on the midpalatal area, the retromolar pad, and the maxillary tuberosity were not measured because of limited accessibility to the sensor.
Soft-tissue thickness of the interdental areas was measured intraorally using an ultrasonic gingival thickness meter (SDM, KRUPP Corporation; range of measurement ϭ 0.3 to 8.0 mm; resolution ϭ 0.1 mm; ultrasonic frequency ϭ 5 MHz; sensor diameter ϭ 3.0 mm). One investigator did the measurements, with minimal pressure on the soft tissue and in a wet environment.
The same person remeasured 10 randomly selected samples 2 weeks later to determine any measurement error. A paired t-test did not show any significant difference. Therefore, the first measurements were used for this study. There was no difference between the right and left sides in a paired t-test, so average values of the variables of both sides were used.
Independent t-test, paired t-test, and one-way analysis of variance were used for statistical analysis to find out area-and gender-related differences.
RESULTS
Although there was no gender difference in the buccal AG thickness of the lower arch, men had a greater buccal AG than women in four areas:
• between the central and lateral incisors (CILI, P Ͻ.01); • between the lateral incisor and the canine (LIC, P Ͻ.05); • between the canine and the first premolar (CP1, P Ͻ.05); and • between the second premolar and the first molar (P2M1, P Ͻ.05) of the upper arch (Table 1) .
Both men and women showed a similar pattern of difference in the buccal AG thickness between the upper and lower arches. The areas between the anterior teeth and the premolars in the upper arch showed higher values of soft-tissue thickness than did the lower arch (men: area between the central incisors [CICI], P Ͻ .05; CILI, P Ͻ .001; area between the first and second premolars [P1P2], P Ͻ .001; women: CICI, P Ͻ .001; CILI, P Ͻ .001; P1P2, P Ͻ .05) ( Table 1) . However, the lower arch had significantly thicker soft tissue in the area between the first and second molars than did the upper arch (men and women, P Ͻ .001) ( Table 1) .
No gender difference was found in the PMM thickness at 4 mm and 8 mm below the gingival crest except at 8 mm below the gingival crest between the first and second premolars (P Ͻ .01) ( Table 2 ). There was an opposite tendency in the change of the soft-tissue thickness from 4 mm to 8 mm below the gingival crest and a decrease of thickness in the areas between the anterior teeth (men: CICI, P Ͻ .05; CILI, P Ͻ .001; women: CICI, P Ͻ .05; CILI, P Ͻ .05; LIC, P Ͻ .01) and an increase in the areas between the posterior teeth (men: CP1, P Ͻ .05; P1P2, P Ͻ .001; P2M1, P Ͻ .001; M1M2, P Ͻ .001; women: P2M1, P Ͻ .001; M1M2, P Ͻ .001) ( Table 2) .
Men and women showed a similar pattern of change in the soft-tissue thickness according to areas in the buccal AG. In the upper arch the areas between the anterior teeth (incisors and canines) showed higher values than did other areas (P Ͻ .001) ( Table 3 ). In the lower arch, the areas between the first and second molars and between the lateral incisor and canine showed higher values (P Ͻ .001) ( Table 3) .
In the PMM, 4 mm below the gingival crest, the areas between the canine, the first premolar, and the second premolars showed higher values than other areas (P Ͻ .001) (Table 3) . However, the soft-tissue thickness 8 mm below the gingival crest showed a progressive increase from the anterior to the posterior areas (P Ͻ .001) ( Table 3) .
DISCUSSION
Accuracy and reliability of ultrasonic assessments of soft-tissue thickness in different parts of the oral cavity may depend on placing the device precisely and re- b Independent t-test to compare the variables between men and women; * P Ͻ .05; ** P Ͻ .01; CICI, area between the central incisors; CILI, area between the central and lateral incisors; LIC, area between the lateral incisor and the canine; CP1, area between the canine and the first premolar; P1P2, area between the first and second premolars; P2M1, area between the second premolar and the first molar; M1M2, area between the first and second molars. a Paired t-test to compare the variables between upper and lower arches; † P Ͻ .05; † † P Ͻ .001; men: P value of CICI, 0.0249; of CILI, 0.0000; of CP1, 0.0468; of P1P2, 0.0003; of P2M1, 0.0003; of M1M2, 0.0000; women: P value of CICI, 0.0198; of CILI, 0.0152; of LIC, 0.0058; of P2M1, 0.0013; of M1M2, 0.0000.
b Independent t-test to compare the variables between men and women; * P Ͻ .05; ** P Ͻ .01; CICI, area between the central incisors; CILI, area between the central and lateral incisors; LIC, area between the lateral incisor and the canine; CP1, area between the canine and the first premolar; P1P2, area between the first and second premolars; P2M1, area between the second premolar and the first molar; M1M2, area between the first and second molars.
peatedly at the specified location. 26 Therefore, areas that are difficult to access with the sensor, such as the midpalatal area, the retromolar pad, and the maxillary tuberosity where the third molars could be located under the soft tissue, were excluded in this study. These areas also have considerable variation in soft-tissue thickness. 27, 28 Although Eger et al 24 reported no differences in means and standard deviations between different age groups, we restricted this study to samples from adults younger than 30 years to be certain that there were no age-related effects on soft-tissue thickness.
In the upper arch, men had thicker buccal AG than did women (Table 1) , in accord with the results of former studies. 23, 27, 28 However, the lower arch did not show significant difference between men and women (Table 1) .
When we compared the buccal AG thickness be- One-way analysis of variance test to compare the variables among areas in men and women; Post-hoc test by Duncan; means for groups in homogeneous subsets are displayed. *** P Ͻ .001; CICI, area between the central incisors; CILI, area between the central and lateral incisors; LIC, area between the lateral incisor and the canine; CP1, area between the canine and the first premolar; P1P2, area between the first and second premolars; P2M1, area between the second premolar and the first molar; M1M2, area between the first and second molars.
tween the upper and lower arches, the areas between the anterior teeth and the premolars in the upper arch and the area between the molars in the lower arch had significantly thicker soft tissue than did the corresponding areas in the lower and upper arches, respectively (Table 1 ). This suggests that the different failure ratios of OMS in those areas between the upper and lower arches 16 might be related to soft-tissue thickness.
In the PMM at 4 mm and 8 mm below the gingival crest, there was no difference in thickness based on gender (Table 2 ). This was in accord with the results of a former study. 25 The PMM thickness between 4 mm and 8 mm below the gingival crest, the areas between the anterior teeth at the level of 4 mm below the gingival crest, and the areas between the posterior teeth at the level of 8 mm below the gingival crest had significantly thicker soft tissue than did the corresponding areas (Table 2) . Wara-aswapati et al 19 reported results similar to those of this study. These findings suggest that thickness of the PMM changes from the gingival margin toward the mid-palate, with the opposite tendency in the anterior and posterior areas, respectively.
When we compared the buccal AG thickness among different areas in the upper and lower arches, the areas between the lateral incisor and canine in the upper arches and the areas between the first and second molars in the lower arch had significantly thicker soft tissue than did the other areas in both men and women (Table 3) . Although the stability of OMSs depends on the quality and quantity of the cortical bone, areas of thin soft tissue are more suitable for implantation because the likelihood of inflammation is lower. 18 Maximum retention can be obtained when OMSs are placed in areas of thin soft tissue and thick cortical bone. If the AG in those regions is not large enough, it is best to place the OMS coronally or mesio-distally in the same area or to look for the different area with more support of the AG.
In the PMM the areas between the canine and the first premolar and between the first and second premolars showed higher values than other areas at the level of 4 mm below the gingival crest (Table 3) , which was in accord with the results of former studies. 27, 28 The soft-tissue thickness at the level of 8 mm below the gingival crest showed a progressive increase from the anterior to the posterior areas (Table 3 ). This was also in accord with the results of a former study.
